SF 298 MASTER COFPY KEEP THIS-COPY FOR REPRODUCTION PURPOSES

REPORT DOCUMENTATION PAGE o ey o188

Fubic raporung burden kat thig collecuon of imomalon ls sstrneled 10 sverade 1 hour par fesoonss. NAudng the Lime foc :.«'mm? netructions, saasching existing dots sources
galnenng end manisinng the dals Needed, end comolating end tevirwiog the coliection of informaetion. Send cemmernt T burden eetimales of OtheT BE0eal of Mg
Coliecion oI nfomsipn. smchuding -uqvu.qvu lor red s Durden, i Washnglon Headauertert Servizes. Direciorsls lo- Mommeton Opersiions 8nd Repons. 121§ JyNerson
Devis Hghway, Sulie 1204, Arington, VA 22202-63C2, #nd ko ™ Orfios of Mend pwment 8nd Butpet. Puperwort Reduction Projct (0704-0188). Wesrenglon, DC 20505

1. AGENCY USE ONLY (Leave blank} 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
28 Feb. 01 . Final 1 Sept. 96 - 30 Sept. 00
4. TITLE AND SUBTITLE . . 5. FUNDING NUMBERS
Myocardial Dysfunction Contributes to Irreversible G
Hemorrhagic Shock N0O0014-96-1-1274
6. AUTHOR(S)

Kathleen H. McDonough, PhD, Harvey I Miller, PhD

7. PERFORMING ORGANIZATION NAMES(S) AND ADDRESS(ES) Grantee: ' 8. PERFORMING ORGANIZATION
{1 Louisiana Board of Regents of Higher Education REPORT NUMBER

150 Third St. Suite 129 ; . 410-22-4111 linked to

Baton Rouge, LA 70801-1383 To: : 410-22-6121

Kathleen H. McDonough, LSUHSC, 1901 Perdido St.

New Orleans, 70112

$. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING

Office of Naval Research Regional Office Atlanta AGENCY REPORT NUMBER

101 Marietta Tower Suite 2805

101 Marietta Street .

Atlanta, GA 30323-0008

11. SUPPLEMENTARY NOTES !

128. DISTRIBUTION 7 AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public relcase

13. ABSTRACT (Maximum 200 words)

. We have performed a study of the effects of hemorrhagic shock and resuscitation on isolated heart
function of guinea pigs.. In vivo hemodynamics were monitored during hemorrhage, shock and
resuscitation and then intrinsic function of thé heart was assessed. Three time periods were studied - 1, 2
or 3 hours of shock. In some animals shock lasted for 1 hour and then guinea pigs were resuscitated with
whole blood or dextran 70,000 MW (same volume as the blood that was removed). The data collected
from the isolated heart indicated that hemorrhagic shock lasting 1, 2 or 3 hours by itself did not cause
major dysfunction of the heart. The only change in heart function that seems to occur was in the 3 hour
shock 013) in which the left ventricular con)lghance was slightly depressed. In animals that had been
resuscitated with whole blood or with 6% dextran, ventricular performance was de{).ressed compared. to
control hearts and compared to hearts from animals in hemorthagic shock sugges mﬁ that regfrﬁlsmn
contributed significantly to myocardial dysfunction resulting from hemorrhag%lc shock. We have also
demonstrated that resuscitation with Rm%ers’ lactate improves cardiovascular status to the same extent as
does dextran. Giving four times the shed blood volume vs a volume equal to the shed volume, however,
made little difference in the recovery noted. Finally, we have determined that alcohol, given 30 min prior
to the hemorrhage, m;f.alrs the cardiovascular and respiratory compensation for severe blood loss and
results in greater mortality. . :

14. SUBJECT TERMS : - 15. NUMBER IF PAGES

16. PRICE CODE

17. SECURITY CLASSIFICATION | 16. SECURITY CLASSIFICATION | 19. SECURI IMITATION OF ABSTRACT
OR REPOAT OF THIS PAGE 25 A%fgg ACCI:»TASSIFICATION 20. LIMITATIO T

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL

NSN 7540-01-280.5500 3
Enclosure 1 Eis?s;g's 5%259‘3&?35249)




ANNUAL PROGRESS REPORT

GRANT TITLE: Myocardial Dysfunction Contributes to Irreversible Hemorrhagic Shock

PRINCIPAL INVESTIGATOR: Kathleen H. McDonough (email kmcdon@lsuhsc.edu)

INSTITUTION: Louisiana State University Medical Center

GRANT NUMBER: N00014-96-1-1274

AWARD PERIOD: September 1, 1996 - September 30, 2000

REPORTING PERIOD: September 1, 1996 - September 30, 2000

OBJECTIVE: To investigate the effects of hemorrhagic shock on the myocardium and to
determine if myocardial dysfunction contributes to irreversibility of hemorrhagic shock.

APPROACH: Guinea pigs are anesthetized and polyethylene catheters are placed in the
carotid artery for measurement of blood pressure and sampling of arterial blood and into
the right atrium via the jugular vein for delivery of resuscitation fluids and anesthesia for
sacrifice of the animals. In some animals a thermistor probe is placed in the other carotid
artery for measurement of cardiac output by thermodilution. When the instrumented
guinea pigs begin gaining weight (approximately 2 days after surgery), they are weighed
and after control hemodynamics have been measured and an arterial blood sample taken,
blood is removed at a rate of 1 ml/min. The percent of the blood volume that is removed
varies depending upon the protocol to be followed. In all protocols however, blood
volume is assumed to be 6% of the body weight as measured previously in this
laboratory. Blood pressure, heart rate, hematocrit and blood glucose and lactate are
measured at regular intervals. Animals are maintained in shock for various periods of
time from 1 to 3 hr and in some experiments animals are resuscitated with their own
blood or with a commonly used resuscitation fluid. Critical features of this protocol
include the fact that the animals are allowed to recover from the initial surgery until they
begin gaining body weight (and thus have restored their body fluid volumes) and that
hemorrhage occurs in the conscious animal. After various periods of shock and/or
resuscitation and after the final measurements of hemodynamics and blood chemistry
have been made, animals are anesthetized and their hearts are removed for analysis of
intrinsic myocardial dysfunction. The isovolumic beating heart preparation is used so
that systolic and diastolic performance can be assessed and hearts are studied under the
physiologic stresses of increasing balloon volume or preload and increasing beating rate.
Both stresses can be used to unmask deficits in myocardial contractile reserve. In some
studies the response to changes in coronary flow have been assessed and the sensitivity of
hearts from shocked animals to ischemia and reperfusion injury has been assessed.
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ACCOMPLISHMENTS: Our earliest studies used a hemorrhage protocol in which 50%
of the animal’s blood was removed and animals were maintained in that shock state for
1, 2 or 3 hr at which time hearts were removed for assessment of myocardial
performance. In those studies we demonstrated that ventricular performance was not
altered by 1 or 2 hr shock by itself but by 3 hr there was an indication of a decrease in
myocardial compliance. In addition left ventricular developed pressure (LVDP), as a
function of left ventricular end diastolic pressure, was depressed compared to control in
hearts removed from animals after 3 hr of shock. Thus hemorrhagic shock induced by
removal of 50% of the blood volume by itself did not result in changes in intrinsic
myocardial function until shock had lasted for 3 hr. These studies were published in
SHOCK 11:205-210, 1999.

In order to determine if resuscitation caused injury separate from the hemorrhage
induced injury, we have completed studies in which animals were bled and maintained in
shock for 1 hr and were then resuscitated. Some of the animals were resuscitated with
their own blood and some were resuscitated with dextran (6%), a volume equal to the
shed blood, after one hr of shock. Heart function, as well as in vivo hemodynamics, was
assessed at 1 hr after resuscitation and 24 hr after resuscitation. Interestingly, animals
receiving blood resuscitation after 1 hr shock demonstrated depression of myocardial
function to a greater extent than did hearts from animals that received dextran
resuscitation. This dysfunction was due to systolic rather than diastolic depression.
Hearts seemed to recover by 24 hr although there was residual dysfunction in the hearts of
the blood-resuscitated animals. These results suggested that myocardial dysfunction can
result from resuscitation or “reperfusion” injury similar to that which occurs after
ischemia. This type of injury that occurs early after ischemia and reperfusion but is
reversed by 24 hr has been termed “stunning” and is thought to be due to oxygen free
radicals, calcium overload and insufficient myocardial high-energy phosphate levels.
These studies have been published in the Journal of Trauma 48:1122-1127, 2000,
“Effects of Blood Resuscitation vs. Dextran Resuscitation after Hemorrhage on Intrinsic
Myocardial Function”, KH McDonough, ME Giaimo, M Quinn and HI Miller.

We have also studied the effects of fluid resuscitation using the crystalloid lactate
Ringers. We hypothesized that resuscitation with lactate Ringers solution administered at
4 times the volume of shed blood could result in a volume overload on the myocardium
and therefore exacerbate resuscitation-induced injury to the heart. Therefore we
compared the effects of resuscitation with Lactate Ringer’s at the same volume as the
shed volume with Lactate Ringers given at 4 times the shed volume on hemodynamic and
cardiac recovery from hemorrhagic shock. In these studies, 70% of the estimated blood
volume was removed and after the 2 hr shock period, animals were resuscitated with
either 1 times the shed blood volume (1x) or 4 times the shed blood volume (4x) with
Lactate Ringers solution.




60° R 24 h R----- ---48 h R--

Pre O‘HS 120°HS| 1x 4x 1x 4x 1x 4x

MABP | 76+2 |34+3 45+2 |46£2* [53+2 | 60+3 [58+2 |60+2 |66+2

HR 307 +£15 326+ 10 |[332+7 |315+12 |{319+9 |34449 |310+2 | 270+ 1 | 340+ 14

Lactate | 10+ 1 82+ 7 60+9 |32+5 40+ 7 14+1 [20+4 |14+3 205

Glucose | 97+ 3 240+ 12 [ 144+1 (11248 |99+6 136+2 | 129+ 6 | 138+4 | 125+ 18

Hct 41+ 1 27+ 1 21+1 [18+0* |16+0  [14+1 [14£0 [16+1 |15+1

MABP = mean arterial blood pressure, mmHg; HR = heart rate, beats per min; Het =
hematocrit, %; Lactate, mg/dl; glucose, mg/dl; HS — hemorrhagic shock (begins at the
time at which 70% of the blood volume has been removed); R = resuscitation.

These data suggested that the only benefit derived from the 4x resuscitation was at 60
min R (at the end of the 4x resuscitation) and that this benefit was not prolonged. In fact
survival to 48 hr was not significantly different in the two groups again suggesting that
the greater volume of resuscitation had no beneficial or detrimental effects on recovery
from 2 hr HS.

We have recently begun measuring respiratory parameters during shock and
resuscitation. We have found that during shock pO2 increases and pCO2 decreases
probably in response to stimulation of the peripheral arterial chemoreceptor by the lactic
acidemia (lactate levels increase 4 fold during shock whereas glucose levels increase a
little over 2 fold). During shock, O2 consumption and CO2 production decrease and the
respiratory exchange ratio progressively decreases from .96 before bleeding to .81 at 1 hr
resuscitation. The RER is back to control levels by 24 hr resuscitation. We are
developing this model in order to study the effects of metabolic support of animals during
hemorrhagic shock and resuscitation. These studies have also included the response to
hemorrhagic shock when alcohol, at the level considered legally intoxicated, is present.
Alcohol seriously impairs the compensation by the cardiovascular and respiratory systems
leading to greater lactate accumulation, lower arterial pH and greater mortality in the
animals administered alcohol 30 min prior to the bleeding procedure. This study has been
submitted to the J. Trauma recently.

SIGNIFICANCE: These studies indicate that a relatively prolonged period of shock can
be tolerated with minimal cardiac dysfunction. However, resuscitation, while resulting in
recovery of hemodynamic status can result in reversible stunning of the myocardium.
The consequences of this stunning by itself may not be life threatening but in the human
condition in which coronary artery disease can compromise coronary reserve, stunning
can result in a more prolonged and more severe compromise of myocardial function.
Composition of resuscitation fluid can be modified to potentially prevent blood-induced
injury if indeed that injury is due to activation of neutrophils.

WORK PLAN: Funding ended September 30, 2000. Data collected from this support
will be used to apply for funding from the NIH
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Our most significant result has been the demonstration that in the conscious guinea
pig, severe blood loss can be sustained without loss of myocardial reserve until
approximately 3 hr of shock (blood loss of approximately 50% of the animal's blood
volume). At time periods less than 3 hr of shock, resuscitation with blood or dextran or
Ringer's lactate results in myocardial depression as assessed in the isolated heart preparation
in which ventricular pressure development can be assessed and heart function can be varied
by pacing the heart at different rates, altering coronary flow or changing ventricular diastolic
volume. The depression is reversible by 24 hr after resuscitation had been administered. This
suggests that the myocardium is “stunned”, which in the ischemia reperfusion literature is the
term applied to myocardial dysfunction after ischemia and reperfusion that is reversed by 24
hr recovery. The implications for resuscitation in the human are serious since in human
hemorrhage and resuscitation, coronary artery disease which compromises myocardial
perfusion, is an unknown factor. As humans age, the degree of coronary artery disease
increases in a non-uniform and non-universal manner such that the degree of disease is
unknown unless invasive procedures are used to measure coronary flow. Thus the status of
the coronary circulation in resuscitated patients can lead to serious complications to a
relatively innocuous shock period when resuscitation may exacerbate myocardial damage.

MAJOR PROBLEMS: The original start date for this grant was September 1, 1996.
However, funding was not available to the investigators until February 1997. Technical help
was not hired until June, 1997 and that individual resigned his position in December, 1997 to
return to school. Therefore during the first year, less research was performed than originally
predicted and we were granted a no cost extension until September 30, 2000. The model has




been developed and is a significantly improved model because animals are allowed to recover
from the initial surgery and gain weight and during the hemorthage and resuscitation are
conscious. Four publications have been produced with two more manuscripts in preparation.
In addition, substantial information has been accumulated that will form the basis for
applications for funding from the NIH.
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